US007667590B2
a2 United States Patent (10) Patent No.: US 7,667,390 B2
Wu 45) Date of Patent: Feb. 23, 2010
(54) BOTTOM-EMISSION ORGANIC (358) Field of Classification Search .......... 313/504-306
ELECTROLUMINESCENT DISPLAY OF See application file for complete search history.
HIGH RESOLUTION AND POWER SAVING (56) References Cited
(75) Inventor: Kuan-Long Wu, Kaohsiung County U.S. PATENT DOCUMENTS
(ITW) 2004/0012549 A1*  1/2004 Nishikawa ................. 345/76
2004/0263072 Al* 12/2004 Parketal. ................... 313/509
(73) Assignee: AU Optronics Corp., Hsinchu (TW) 2005/0116632 Al1* 6/2005 Funamoto et al. ........... 313/506
_ , L _ FOREIGN PATENT DOCUMENTS
(*) Notice: Subject to any disclaimer, the term of this |
: : CN 1463173 A 12/2003
patent 1s extended or adjusted under 35 CN 1604706 A 4/2005

(21)  Appl. No.: 11/453,901

* cited by examiner

Primary Examiner—Sikha Roy
(74) Attorney, Agent, or Firm—Birch, Stewart, Kolasch &

(22) Filed: Jun. 16, 2006 Birch, LLP
(37) ABSTRACT
(65) Prior Publication Data ‘ ‘ _ ‘
An organic electroluminescent display comprises a shadow
US 2007/0132380 Al Jun. 14, 2007 layer, a transparent electrode, a light emitting layer, a retlec-
_ o o tive electrode and a cap layer formed on a substrate. The
(30) Foreign Application Priority Data transparent electrode is connected to a transistor, located on
Dec.9,2005  (TW)  oveeeeee e, 04143650 A the shadow layer, and has a larger area than the shadow layer.
The cap layer 1s formed on the upper surface of the transpar-
(51) Int.Cl. ent electrode, and corresponds to the shadow layer. The light
HO01J 1/62 (2006.01) emitting layer 1s formed on the upper surface of the transpar-
HO01J 63/04 (2006.01) ent electrode. And, the reflective electrode 1s formed on the
upper surface of the light emitting layer.
(52) US.CL ...l 313/506; 313/500; 313/504;
445/24 11 Claims, 5 Drawing Sheets
| |
301 303 1 301 1 303 | 301 !
308 1 |

— /g// ) //

liiiidiiiiiuiuuuraraairiiiiiiririii

2
%,
%,
T //

310 320

//I.'/

I "~ o
| /ﬂM
W

&.\\\\\\\\\\'\\\\k\h

304a 304b
N——

304



US 7,667,390 B2

Sheet 1 of S

Feb. 23, 2010

111

U.S. Patent

FIG.1A
( Prior Art)
FIG.1B
( Prior Art)

T RN

T+ ,__Jar//////////// N

-

LK ) '_ ..

[y

AN -
v ey -
e eiee

b e bl
O N
RN
R
“ ...._. L N ‘.I

ol L )
KX

_-_ -_ _l

LA R N
-aate Ta¥s ot

h e e &

S S Y WL

[ I"I*.i‘i-l .i‘i‘- .'I'
 Pataters! Puta
R % T

il ol vl m

STNIY T8 AN SSSK AR R

; 3 ﬂf/j”

szﬂfl.

=l|[

Emﬂﬂﬂll.lﬁﬁﬂmﬁ
Emﬂ&ﬂll.lﬁﬁmmﬂ

I||].
?ﬂfd.

112

-L-r_—...
-
-_ l_ _1 _._
atats
AR
A
ey
KX
L
L) ‘.- 'I .‘.r
_.,...J..ih

u mnsm
‘ “ frt 3 ""."""‘r’"""

_—— - ——  —

%
.
o
..
o
|
"
‘.-
.
*
.
[
%
&

Ty

.......... S /

E

N BESMEICROI0 N N N N N NN N N N N N N N )

.?????????
f.l_ .i_.'..ﬁ_.'_ .l.'_ l_.-. l‘ .‘ .‘.‘ .‘i_
U e e e

"""
P
a"te’s
P
DOIOCCX
-..'_.I."""_.'
Mot "
& &k k F
-“‘.‘."_"
e ee
: Fetatets!
o’ &% kb
(B B )

110

& & F k5 B
-‘.‘“‘.‘"“l
Py
-..._ I.._ .li. .-I. .._.._ -I
Hetete'ets"
_ap e e 6P
) .aﬁnt-r-

ttﬂ

213 214 212

_ N
:%%////////////

210
211



U.S. Patent Feb. 23, 2010 Sheet 2 of 5 US 7,667,390 B2

216

214a

o

”~”
/ N,
S 770\

|
211

FIG.1D (Prior Art)



U.S.

314

Patent Feb. 23, 2010 Sheet 3 of 5 US 7,667,390 B2
301 303 1301 1 303 ! 301!
308 |

I
/A S

|||||||||||||
lllllllllllll
llllllllllllll
lllllllllllllll

glliiiiiieiiiiiiui iz

/
N/
%,
#W/,V/

D -i
//IW ”/"Iﬂ

Y,

|
{} l A{uW
2 /

4 %4
Vs

I

FIG.2



U.S. Patent Feb. 23, 2010 Sheet 4 of 5 US 7,667,390 B2

404 | 402 404 402 . 404 © 402
z 105 SRR
| : 1 308 :
| : : : : 312
|
/7 ‘ 7 ,,/ ; o 310}320
A--
W /S r'//
418
AR, M 416
e | 414

d-—- [ L\ T4

AN

4051 4052 4053 406a 406b
——

405d 406

FIG.3



U.S. Patent

Feb. 23, 2010

BArI R NSRS R T R A A N R LI P RN IR I E SN A G SN RS NN NS ISR IO &
FFE R RN A A SRR N A I S BRI B B NI I A A S A I I N A A N P P a A A A A e AR
FFEA Y PR IR A A PR R A A A AR NI F AR AN N A F A A A A RN I AR A A A AN ARk SO R A N N
-|"-F-'---'*.‘-*-‘FFi"'1"}"-*""F"'!!"*lli*FFil'JIII!II'IIlilllliiiilllll?llbili
AN PR R ANA A R R IR LIIE IR L] l--ll1li--l--ll--ll-ll--l-ll-lIJllill-ll-
'r1II+|t+r|||IIIIIIl11ilriilrlril'llll#lI-lllll|+llll|l+|-t-- I TR TR L EE

-lll-lllullll-llllll--lllml|allllllbll;lilllllllﬁill{ll|iiii'iﬁilﬁigh+lp+aa;+ayll+q;iq++
LR RS R N AN T ALE R RSN LIERIRENTIAIRINEIRERLRENTIIIRINREIRALEREIRERTRITIRIRNLRAERIELINRINRIRDREN
PIRE T EN A IR AN I I R N N AN S AN P A A A R A I B I A A A A R A A P AR b

Sheet 5 of 5

404 402

BAEEBELENLIEBREEREAABRAEddALEEE
(IR NS FL RS QI RREIRNRRERERI RN N ]

ik b LILE L R S LA L thkdrddd b grvrrrrdierbrraarragaure R YR ¥
NEVRESARSENEEFE F4 S ESEAREEBA A BEN NN B hdd dhd AL 4 A 0l 5 4d &
mrdiFrwnn FRRREFEBED ANEIEFT N R RN P N S S S W NN R S Bk R el NN RN Eh AR
 ER I AR RE R Bl A E TR RE R I NI EREREEERTIRIANENIEITREREE] -liihlii:.iifii'ilth-'|--|'1--|i|.-1-
IIIllll-lllllllllJlIl-ll-Il-l XYY ERTRETINET) N Y R N Ny I T Ny s N rrsy s sy

AT I TR RN IR R RN NN R LR IR R NN RN EE R I N IR P AN IR AN R I N A BN b e B A A A G B PR R &
1-i-l'h"-Hrlllill#ll"r-r'll-rl'i-rlllllril'lul TEFITFTRFFYTEFTYFE TEFIFEFEE YT RETE SRR A RS RIS D A A FA R D &
FABS FEASERN BN RN RS N NS A FA RESE 8 0 AR BFARG R A ER A I AR iR QAR AR e rn R AN O A SR RN NS AN RN RS
TR Y IR I NI NIRRT RN IR L AN NI A NN F AR PR AN R A N I R A NI R I NN IR NI NS I A AN AN A A AR

US 7,667,390 B2

NN RN RN RN RN I EN A EERE NI A AN NI B S4B FE S AEBE NN RARARLE AL Edd b b IR bk dhd g o AL F R R

AEESEEBS NN SG RS R
AFREFRFARAFERI N A RS
AR AE sl RN NENEREN
I ER RS R I RN INRN RN N
SEFERETE R REEEEAEER
Illllllllllltllll
l#illiililliiti
L R +#l+#!!+l#ﬁi
SEEEVERN RN EREAAEES
IrllIlIllIllIIlll
llfilliilliliilll

' YIXYIINFREEE DY
1-r--l-i-l-|l-|l-
tryrdrrikrrrnrndwry
Illllllllllllllll

l-‘i--liiiiill-lli

EITRRERELLERITRREIN]
TIIRIT I I I IR RLETY)
T TRLECEETTIINTRAE Y]
Y TR LE N I NI RN
- "¥rFrTEEFTITEY
T1TIEN S EET IR ST Y]
AAA IR A RA A B EERES
wnukdsignwebuinendn
RIS ERRERIRIRER LN
--llll-l-ll-ll--ll
4IEIEFEAEYTYERTRE
|--lll-.-|l-4n--|-

LA IR ELERINERIERRIEERT NN
FREESETERN R FERDERERREEREIN S
LA S ERERRERTAENY EREEERENT NN NI
BEdep dd A e AhEs By ERd Ry D
AEENF AN RN IR I ORI O RN
(AR IR FRIRIELEINIRISA RN
LR J P R RE RN ILIERRS RLERREIRRI RN
(AR LA BB ERLELEZ R IBES RS RN B
Ay phd A A hu by Ghidfrnnh
IR LB ERITEERE NN NN R NTY ]
LA AL R RL SR L AR R XLl RN
B2 NI NN EERFEAREEN R ENEEEES
LR LR RE R RI TR RITRER IR I RN
(A E I A BREENIRLEES RIS NI N
A ERRIS BRI SERINRRITERERY NN N

rébfripdrdeddrbygrrddrrrrdrern

IR R TR R R NI NI TN IS TR
BB INEENN BN E RS DR BE
N A T Y Y YT LL.
lill!i-lilliil--ltil- ll
IR IRELNININ! daENFER
Illl+ll¥lll!ll+illlli|l}
XIB I IR RIS RS L]
(IR T RRILTIIRIBREIRIRERIN Y
refdrrra Py brrrdrye ETI TP R R
T REY R ILILLRI AR EI SRR IR
BAE PRI I AR I AR e
FII IS ET Y I AT Y I EY Y FEY Y Y
A LER IR LERRINRTERERRIRNDN !
LERA R IRL LI RJ ST IR RN IR])
AR AR FI RN R N4 S AN AR B

TEIRI BT ISITITIIN®
YT I YT IR I II YT
 EX I RLIEL LI AL LLE &2
ANERNNEFF AT AR FRAH
S e IR EEEE S REBA R

Bampird b ag by hg
A F Rl IR I ENSIERNN S L
F1 T2 Fr+ ITFY AR ETRETENF
Fe @I EFISFEFINAR
LR RN I RLE IR IR LE LR
hdd ddbh R Al EALEAL
YYIFFENFFARFEF GONEREF
AN RNETRE NI AR IR ON
L AR R R LR R IREINELESR LN

TYT¥YTFERFYYFRETYREETREIFFINSEYRERRFEETYYFRYERNEERT YA RETIEA I RFARFAFED

LR ARIEERIALLAX
(IR LR RLRERIRLIRLY.
L IR R R XIRERTRETILE.
Illlilllillilllll
LN | LR LRI N RN
illiilliiiliﬁ-kii
L FERNIEEEERINXINE.
(TEITEEEEREIRININIE.
A1 aFER AR A A FRERFEE
IR LLEEE X ERIT LN
TR RETRERIRERRIBER I X
ddgrijprsyywrrwrray
T EN T IR FET RIS IINE
RS SEMESI A BN DS HE A

A LRI BN R IREN BN
ii++iii+ﬂ-1|++*-i
LER R R R IR LR NER N N

LR RS NN

LB LE S ARRLERNTRRL]N)
TTETYTEITYFTFEATFIATINY
LB LANNEN L LN LES L LN,

LA R R LRl IR LEN)

L LRI RER AR TREL LSRR RELE Y NIN)
LR I BN RERR I ALR]AARI LER]ANR,
LA ELERBR AR LEL IR RRRAENE DR RN
S bbb rnyariiiAkd A FER B P

A BINALAEBSNNENE g h B pm Ak gk By kg y g
ANES EERABHNIRAI SRS E BN}
LR LRI LI RIS RN
illillilliliIillllilliili

(PR YN ENE L1 IR R LN Y
L] EdgAwmpi it amn i

llrllliit- EEFEEBLGEE]
ll-li-----lrniliiiinnlll
*eridviwbmrymygyupkbrrmprry
illillilltllllllil#ll#lll
LRI NI NYIN TR )
iihi;iil;il+L+|+L14q+'.+b
I RIRER I NI RLILIRN IR
[ RN ELI RIS IR RIS I
Y Y I I Y E I T I IS E T
IS AEANE S AR I AN BN &
A I ER R E R LRI LI IR
LRI R RL LRI IR RIS RRITER LI,
TRLEFRREEIILTIIIRIRER XN

FETY T L]
YT T
AIRFEEEE
dEnww el
IR LR NN
ArEREFFREAFEEFFEFARA R I A FA A S A FE AT R I AA R RTIEN AN
-l-lllll-l-ll-llntinl---.--------qnnil-littl
(IR IER S EIR IR R RIRRRRER  YLNRRINNINREL R
i##iii#+|i+i+++irrrrii1ll#!!rll++|r+li+lriri L YRR E T ER ISR EREEENTTIRT,
YT LI A I IS A A T IR A F IS S FE T I TS E N IET AR q..p*q..'1||.i..|.1.|..|.1.4|,..,||.'.|.
IIIIIIIIIIIlltlllllIlllllIIIiIII.IIiIIIIlIiI Akl e rk NI R T I R AN
A b Bk bhwd kN d -iilitil----rlli-i--li-ﬁi-l- -ll-lllllllllllllllll-lll
[ BI LI R IR RN EN NI NI (Y YILYLT) rhdlimawa A B EERARGEA A RIS BAEAR
INIIIIIIIlllllllIillIIIIIIIIIIIIIIIIIIIII‘I Aushgd rRd hddnna diphdpm nd w
IFFFITYTTYRAEEF ISR ERFARAF SRR A TE A SRR RN A D Bd SR 33 R ERISERIIRIRRRTE
|-.ll-ll---i-----.--I-I-l-l!-Iliil-I-ll--l..-lI- A4 EAR R AR ERFAES NN A AR L KRB
LRI TR R Y IR RERIREY ] AR BN RN A EA RN I E Bl
SAmmar kB Y e B FabEa
L L LA L AR LR R LA LR AR LNl
AV EREASEIAA B A AN F RENEERNE KE W
ArTTETEETEEAE YT FEAFERITRFAAREARE Y
AL ANA LA BRIE R A A Ld g BN A ER A hidp
LI LRI LRI LRI IR L FEFEANd A SAN G AN EFA RO ER AN NN
LR L ERELRERLEAL RN RER]] A e AR AR RN U NN FFRNNER U RE RN R
APPSR FARFE PR E R FA ARG T B R B FIFE RN A NI R AN AN AN A NN IR IS S ANEN
( RIR TR IR RN IR TIRTIRRR ] I IR RIS IR ISR I I T T I N I YY)
dppdd ity ryrryryyara AR Y PEFFFAFESEAFRA RN A AN FA IR EA R Rk
L LI LR IR RN IRl R LR LR}, IR EL SR LE LI IBRITRRIELIRRIERITTRER IR
L L L AL LR TR RINRNLNLN]) AR IR AR R TRRLERIIERERERIIRRIRRIRTRRELRE SN
ii#iiiil+#riv++lriwllv FEEFFIFFERE RIS N AR R FE R FA N FE A N A RN FFA AN FE
BRI AR LR RIRE NIRRT I]LIN]L. IR F LR L R IR E RIS E R R LI E R I R IE IR EETIN
II-IIIIIIIIIIIIIIIIIIIIIllllil IIBAAPE SRR I DA A A A AR A E N AN AR iR A ANV AN EE R RA NG NE N
dAFdJAFIRE AL EERFLA A LT NAEBSEERIERLdELAhdibd B Rl b hd A hddbd AR b jhibpprygbpgomnpypgrayryppuppypgrbrrrgpngay
--"I-lllIIlli.lIJIIIF!I!EIIIliiiIIJlItlllllIlll-lIIIIlilllllIlllilllllbillillllllliill
EFEEEFEI NG AN RN R AEEE S N DA RN RN AG R AR AR R BT AR S AE RA R B Ry & iR ipenprlapn s an il EEWE NN
IIlIIIIIIilIIIIIllillblllliibllllIlllllillllliiliilliilIiiii-iiihi.ir-i-ilii-h--hi---.-
L L L L L R LR IR R R R R Rl R N L R R Y F R L I R LA R S R E R R R I R L R IR L R RN R S R R I E N R FEE TSI IO A R TN
AEkrE TR RN A b NI NI N R RN AT AN R IO NI R A NI N U RPN N RN NN I A NI A A F A I FE A B A EE O RN AR RE W
ST AT A4 E R FA A SIS R R R R EF AR F A AR IR R R AN dadE A A Ad A F vk b hd kR ibhnaphindmd bt e FA R i pmi A
AN A A P RN AG A FERE R NI R A A A B A LA RN LA AR A A A Ak g r il AP A NP R R A AN A R R
(L LR R LR R IR R R R TR NI R R R R R R N R R R R L S N SR R R I LR E R TR R R R R R SRR R T IR FET R ORI .
Y rr e b bk r PR PPN P PP FE R PR R PP TR P I FEFT R F IR S PR AR PR F RN R AR A AN A NS A N FE A ¢+ A4 A SN S FE AR FE R
il e il ekl A S hatie A e, A e Aniaduieiaeiak Tk deiet e deieie ik A A L L R R L S L I LR L LR R I N LI EE LY L)
L LE NN LN LRI NSl R LRESRIRERIERILELERNSIRIN]ENLIERIRY] PRI RIERLERLEERRINRTRRIZERNERIRRIRERIR]
ey iy P P R EF AR R R RN R A AN F Y E AR A F PR P R A FEA R F IR R FA RS F AR DA N A+ AT AR BN R FH N AR 0 F
PNl RN NN N I NI N RN A AR AN I B A R NI FA BN S S SR B IR A B I N AN+ S A RN N A I NLAA NS A AR

FFAIYETYRUFREFREEFAREINAAF
IIIIIIIIIIIIIIIIIIIIII-
LI LN BN L LN AL LRIl ]
lliilllil;*lph¢§|+|l*++
AL LI E R I NS LIRS

lhlililliiiilii-iiiiil-ilhliilniii-|l|-llllllnlrilIllllrlllllll-lll|-|ll|nlrlillllIlllIlrill-lliill-rllllll
AR RN e R SN FE AN AN R R A AR A AR AR N AR AN AR AN AN RN R SN BRI G P A A I S I D AN &
llLlll-ll--ll--llq-l--l-liq--llr+-|-l-t-llpl--ii1-|-1--l-.-.lln-pgqr-mnitnnq-n;..--...-
11#1lliili---iuilirl---l-|-||--lllii--i-llll--til1illiivr-l-lllliiillllltll-llriillll-l-
(N R I R L PR R E R A I A I I A  E R I I I I I L  E FE I A Y R I e N I T I A AT R A T E N T IO ST L
l..lll--ll-l--Jlill..l-l---l--l-an-;----.r-n--;n:;---1--;-.-¢--|..4;.;.;;..;;||..||--..-
A rdISI Al s Fimdda i FEFFAE RN QAR RFIgAN FEAFA A LR R4 rplyE Yl CF EE I R EREEF RN RES R P R AR NS
TYEN A YA R FIA NIRRT RS EN R FAN R RAEEFS N IR S RN FARRAI S A 30 R A RRI R4 BRI +Rd b RigRiddandh
A RS R R A R RE NN S S A F R E I N RN IS N R I NN ER RN IR A S N A A A DA N D I R A G A A A AP N B RS-
lllilli1 LER IR RN R RIN IR ERRI RN IERLL R IR NRARRIREN BRI ININJEREIRERIRNANTRENIRERIERRRRE] N
BAFNRLEE Ny et ri v bbb drpiipd b rtd bt rr b iy R i PP R P FY YU PR R FH AR IR F P AN+ ¥
SN RFINEIN I N A FE NI A AN NS N R RN R DR IR NN N R AT R R ARG A rE LA A A - A B g BRI AR h
I LI I I I AR T R Y Ty Yy TR Ty I T OO e e O T T YT T YOG O TOTYT YT EFET NI YOTYTOTYTYTTTTT’T)m YT’ 'mmrMm™™m™
dfgblbdlifaipdorrrrrrr i PR EP P e g PR e P P PP I R P T PP E P R IR R IR A A PR AN RN E T EET RN
B r ARk E I Y A I RN N AN AN I PN PN NN I A NN RN R N I NP A SN IR NI NP RN N S AP P ARG A BN I D O IR A e B
KL IR LR IR TEN I Y Bass I A A I A A dium i B R Aca s p el R
EFFEEREEREE A RNABREFAAL +ll|ji+illiq‘ﬁ*fp%ip.ﬁi***ﬁiq*gﬁ--**;p'ij
(LY R I RN EERFER IR IERF (FE R F LI F IS A S R R TR R A T N I E YR R FL )
tdenb kR Rl N B P ER R R AN EEIS PP S AR S PN A AR E NI I AN RN G
FEEREFREFIRAS AR LA AN 21 lliIiiiiiiliiiilli1lilh|iliil#-||ili
I AT RLITRISR IR I IR I ETIR IR AninperpdninmnEwn g
(R T RN R R R RSN T R I NEN Iilllllilllllli-lllilllllllllllll
L LRI L RIRR AN R R IR, AR BRI E I EENIE RN RRERRZERRETRELS.
FBEBERREIS IR ERSE RSN BE 'S Tl IS A ERFRRLI RS YFISRFEIET Y
ERERS B A A S Bk REEE
" YT i R NIRRT TR RETTRAY
L LLRIITIIRRERIRRRIX]]
S I I RIS NI T Y
I Y I T I I I E Y S I T L]
R YR IR LIRS R AR IR IATRAE NN
EN AN NN R I P R N A AR AR F ARGV N A AR RN EFEEN
LR Y B IR NI N RE R NI ERLER R ELER I EEERERIRREREETR L
T IR LI IR R R EI R I RN I L R FN T A RS ETE IO SR
R R R IR LR T R R R RS ISR TR SRR AR S EEER RN L.

ER IR RN TR TR LN RIN T ONT FYYLN.

AETFEFrE R R AN A NN R R ATPENFIRRAE R

 TRINERIERELRBR T RIS LR RET ORI

mipnpr i sl iy npn ke aannadn

dgpygyyrpuppapjbhygppriqrppwrr

NA-ENEREAFSE4a sa BN kd hidaIdS

A ISR ENAEBI AN s R A NA B A &

deanpranpmvkndgunnuiv st

TR I YRR Y E R E L Nl

I TR R RN R TI IR TSR T

rrdv ¥ r Y rFERFTYFrFEYENENEE FEFETYY AR FEAATFTREIEE A SINEF IR A F R FE AN YR RAR NN ¥

B LI IR RIS R RIS E R FER AR R R R RN T AR NS R IR IR T S Y FERISRIAREEY IR

ENFN AN AR RN PRI NS AR NI AR F AN EA N R FA NG RO BTN RN EESLAR A Nd B ad G NN &

TYYTFT P FFYrTYRFEYFFRITET "R YIFRFTEFITY YR FATHEY rENFEREE SN FEARTEETTNOGTIN S

SEEAA PR PR A R AR A R A A AR AR R A RN i Mg EplEbapEEpEERRERNN

A AN AN I B P AR A RN EF AR AR R IR AN D A R A AldEy A bEAg A pE A R AR A
F

re¥dsd drryrerryrrrYyrrrErrrEFYYFT YR PFRYREYRPEYAY IETTEYEAFNIFEF*NIT R EATEFY
(RYRINLET] I EEY IR B REEE YR FITATSEYER

IRR LA REN SR NN L NARLLERNLNN.
andnddhigbaidpmidbaddprndid ¥
IS+ B IRV NN+ FNIRENLENES
LA RN LR LN
 EEEXEL
LR LELLL

SENFESNINRIN ST NN GREFENIN G
PA R P AR R R AR A A AR R AR RN
Y Y E IR B I EFYEISRIISNEEENE]
'YX T)
Y YY)
' FEEYET]
[ LT

IFENR AN EFFEFFENENIRDNFREASN
LA R A R AR AR AR LERLLERRREY N,

I AR LES EERIIRR ILEERRLENDHN,]

LR L L LN ER ] LR
--lltliaiql--lrii
SEFFEAEEE RN RARES
!l'fill!il'!lllll
[ SR EREIRETRINITAR
 FIRTIRE

FEFRTHYE

[ BT R RN

AFEREBAEE®

JEREBRINN

Iili dhhdkdd !iiiiliiih

l#il-lli-l R R RE R
IIII.III!IItIII-IIIIIIIl-
FARFIIFTEYFFTIIFE RIS T R R
ETR T IS RIS AR SIIT LI L,
TR YR XI IR TET R R NI Y
b drndpyrdérrrrrpardare
(TR I RRELIIRLINBREIRRIINE
llll-llilllllll-llllllll-
iili++l++1ii+ﬁ'v# LE R XK
[ A IR R RN LENNLHENEY D] lil...!'
LR IR ELIIRIREIN RN IR
[ A IR R AR LA RR IR RIREREENRE.
TR IR EL T IR LR RIS LI
EIE I R R L XY IR ARSI E T
*r e FIF TP Y iYRITFRIPFPYRNY

[ AL AR LER LR RRILAENRLRELERILENDN.]
LAl BRI RLE LRI Rl AR ANINRN
(KL N RIAINLE RN TNIERRINN LR LN T
TR RN INTRINIR R IR IRENTRIN N
R ER AN AN RN NI NF IR R RSN EES
BEd B FdAdSARLABILEBRIAAEELLAN
A LR R IR LE R ILESRERYIR N LRIN Q)

BEkhd by jhidpirgibibbeidrrsrlynsrrnbkrnérrrrrerua”

ST ISR INE RN NN I N RN WA SN A Nkl Bl AR TR

EEFEREEEE RN E R AR I NS IS A A A CE AN A A AN
BRAiAdilddhddbddibddbbidnpgyubbddpgtddgrrydeorprrnyw

L EE N EE R RN E RN R R T L

FT U IS AN FE R ENT IR NE NI W SIS EdE A EdE A A A RETES
FEFEERF I PP RPN IR EEFFIRUFART L LA A RLEERRBIERIBERNIRIIENR,
TR XIS S LIS IR ETI RIS EIBONTEYL] widhnnddndddidawnndonnd
FEEFEFEF S AETERITARRE YA RN RE A FEN S SR ER LRI RIRTRINNSERY
F*llriiiil1i+++ii+iii#|+1|i#ii AFFEEYEFEAETYIMEETREARE T
(X I R RN TR LN TN IR RN L NI R L I FE ERA R EERIRIIIERTI LTI,
llIIIII-IIIIII-IIIIIIIII-Il-IIII TR AR LA R LR LRI
BAEVARE FH A A BRI+ FER A A4 BN+ SN AR Al A Ad AR A bd B hd Ak bR phdh
(LRI RTRER IR IR IR NN LR ERIRNELTERN] ) IR ER SRR RTERN RN RNINRR N
LA LA LI d S LN R LRI R RIERERNS] SRR IRRLN NN L LA LE R RIS IRIRIRRIRN,
BRI R AN I R IR R I A A FIJA SR IR I WNRE dd Ad A A ARAd N AT AE B4 BATEA

LI RLLEEL R RN R IR RREIRIRTIIRRIR] TR EEETIE I I RTE LA
FA AR FE A A A F A AR RN A R R AR A AR AR A I LRI I e I EET I
LR L L L L L L L L L L LRl SN AN YRR PR R AR FANEREN
EA A RN NN RIS RS I AR I I SI RN I NS I RS AN R R FS NI RN S RN AP RS NN AN EA A AR IR I A A S R R A
FF P AT P P A PRI R A AT Y I P P A AN R P R R F A P PP A R R A PN A FF A F A F AR FR AP A A IR A N FE N AN A A A AN S
BA AR i d AR A AR d B hA pi A kR A B A b b id Ak b n s b iR i ph b A A Bl A Ry hd G ag ikt vy PP RET Y
RS AR A NI N R I NS I AN NN NI NI E NS RN A F S I NN PN N FE NN A LN I FE S NI R R IR A F A A A A FE R AR A A AN
FIN IR AN NI NN A SR N I IS AN I FA N I IR T A R NI RSN RN E AN R A NN A A AN A G BRI &
lllllililililliillllqiiiiliiiliiiﬁpli;lipiliiilili+liL;iﬁ*gi*gl+'1+qi1*4.,+*i,+¢+,..,++-
B A A A A A R AR N A N IR AR A N AN NI N R R AN B A AR B A D R g BN iw
-tl-:---1-1--||--l-l-1t|-l---|ll----l-iltniil-ll-------lril-----------|-ll-lll-|l----nl-
PN IR P AN I NI RN S IR A A PP RPN A SRR R A AN SR AN SN AR I S R S SRR AR A AR R N AN AA N A EN A LA NI AR
FEE AN I NN AR A E A I A IR A A AL R AN AN A AN AR R B AN A PR P a AN AV N RPN AN A NI
A AAFI A LA A F A A A R r i D AR kA A AR F Rl AR AR b F R I GA AR Rk kR A A A PR iV A YRR R Y
Y FEIRRFIFFFF UV YR IR F Y S FEFFREEANFFER R FFRFY PR ID S FYEFYERFRRFY Y FR NI A1 S ERFERANFET A0 a0
ST N R I AN S NI RS R I AN LS IS BN FF SR IF RS A FR R I RE SN RN R AP RN A A A AR I AT A AR &
FRA AR A AR AR A A dach b kAl AR A AR AR AR A A Al A FR ki u ARk B b b r i A kT mE e R Aa ARk
LRI L e L R L e e L L L L L e L L L L L L R L e LY L LY

LR L AR AL LA LN RE LN LNLHNS. B R LINN IR NRERN RL |
I R LR INR LR R LSRN IRIRRER]R, AR BRI NN i‘--t..t
[ LE S AR R LSRRI LRRY AN IHNY! (LR R IR ERNERNY N

LA LB R L IR LE R RLAENELRINELNEJSDN. llll-llllllllillll
L L L AL R L L L L Ll RNl fr+* ¥ Y TFErFTrr 1T AT T
RN RN LR TR ILANRERIERNLTHNRE.) LLE KN 1] d Bk kbl d ki
I-IIIII-IIIIII-IIIIIIIII L Ll Bl Il RRRLRIBRRL

AFFEEFREE ¥
li'lillb
[ A BRI AR A LI RILARILEIRRLIRIRIINILAARIELERIN]N]

IllllilliIIIIIIlillIlliillillililiiiiilli*li
LERR L BN LIS RR R IR LRI RERRTERNRERTRY RN,
AR IR LI AR RERRSRRIRARRRERIRITRINRRRYIRNERINTERE N
IS4 %10 ¥+ EFEREETATARFENEE RN A a4 Rdi42 Fd gRin A
R R IR RN 1 AN N AR LN LR ARENRERERILELENIRNESRIRINNDEN!

N L LRI RN AR IR LRI IRERRLLERLEYVRIRIENRN)

FISEFi S I SN I A A A N F IS A I NG S A AR O IR F A A B IR AP NI R N A S I RN I A Ay N T
Illlh*lllllll'lillillill]llillllq.illiiliilllllillillilli-lilllplli*}l#*}lii!p‘l**ii*#f*
I!IIllli‘lIlll!lIlllllltlllll'lllilllllI-lllIIIlIIIl-lIIIIl-lIIIIIIIIIIIIIIl'lilllllll
SERS IR AN SR A BRI A R A B A A P A A A P S A A R A A A B R XIS
lllj#illllIlillliiqliilibll‘ll#il{ilﬁiiliqihll*ilbilhilﬁﬁ+ﬁilpljﬁiqilhi*;h}'jh*l'||l"'
FEEEF I AR IR PSRV RS AR FAR SRR A A B E A AN S SR F ARG N LA AN NI A NI AR EVFES NN AR A AEE0
FISF R NS U FINE NI EA N AN SN F I NP IR SIS S R IS FE N S R F PN FEF IS BRI S S PN I NN R R IR NI AN R
Illii*iiiililliIiIilllIliiliilbiililliiiiiliiil*iiiliiiii*iiiii--llillr----til-itllll-ll
I BERN LERER R R RRR IR RIR SR FER LR RS IR EERERIRISERNIERERR IR RN ERERES RSN Y RS RRREREFERY Y]
FERF IS IR FE N IR SN NI RN I NS S A I N A NI A NG SR F A IS N F R A IS A FA N I P EF A N AP RN A AU N,
FFENFTEET R NI P NN AR RN FF FREEIAAFF E RS A FFAAN I FE R FE A FY RN I A FA RN AA RS IR R i R FARFIN A FY R BA A
AEE AR N RN IR AN I AN RN I AN TR R N NN RS FAN S RN S PN R A AN AR R I AN BRI PR E RN N AN RN R IR N DS
SNy F A ARl NV P RN SRS NN NN R I P RN I NP P N RN F RN NS U NP F RN AN FF I R RN AN RN NN U NS R E FR AR N S B
FRET I F AR FE R NN R F IR R F AR R EE A A R F A R AR R AN I RN SRS S A FA FEF AR AA Fr FRA R AFA AR B A F A il
ARERAIERIN RN PO NN A A A S A EE RIS N Er B A I N A e DR AN P AN eI I DI AR AR A RN AR P A B AR AP Ry AR
L AL RIE LRI I R R R R R R R T R RN IR IR RN AR RN R T RN Y TR R FI TR NIRRT NIRRT
dpinpgdppnfniypurgryprrrrrr gt harrawtdw ey TTERFFFI PP FE R FIREFRE TR
RN Y Y T Y F Y FE I E TSR TR AR E TR E R E Y, Ak A B A b ANAEALIE Bdohph
BRI SRR N A N AR A G d S AR A NI Ml okl W ek Nl e R AR P
sdaprnghddnnsiresrskinrdunenrreEnEn SE NSV FEEFESESENSREBREE &
FEER RN AN b SRR A NI NER A NS RN NI (FEF N IR E R EY I YL Y]
E IR IR LY R R R R R AT L E I N I LY TR I E I A s I I T
Er T el A rA R RS A4 A STR N AR R FE R AT TR RSSERZIERERTIS SR IR
BRI RIS R RS Y AR FE LY FE AN ENSEURIN ARSI NAREER S
FT TR NIRRT E LR NIRRT I, SEJE NN I N R RIS RN R NI
II1*iiliiili?lirllllirliiillil R R LR AR R R LR AR EXSETR
KT 13RI R EEIR LIS LI IBETY] [ T E Y Y RIS YA R I LY TIT XL
l--------il---i--ll--r---u-- 4 RAAALLNLELEE LT LI LA LE
BRI AR AR LR LR LA LR LE ) FrFTT TSI REETETFERETREI T
R hd BAAN RN AR BN A A AL
BN A A i E A RE SR I NS BRI Gkd & BN
L RAENRL R R ERR L IR IR IARRT
 EE T R E RN LA T IR I T RN AN Y L)
FEREIETEIEREEIRTEITRIET R
(AR IR A2 REfRERRR LRI ARELTR N
 EEEFEL I EERREEIRET RIS RE D)
FBEREEFENEN GG INSABRINERERE
B4+ ERFINFFE N RS FFEANIRN
|F#!|+ll!!1!l!|+l! [ LELL]
AR T ERT IR NRRLEIRET R DR N
ll?llllllllflliilllll*ll
T IE T I F IR EETEET I XA R TR ]
ERANEREAEaldariEIRR IR BEND
IS ERIEREAREIR IR L IRERE RN N
S EARIENEN SN AIEBN A ALEE
EENFESRENIN ENNESERAERER EED
TR I A T I Y
NS R I Iy S R E IR RN Y T N Y
SEEFEFAR RS FINETENINEERS
FEFFFET RIS FFTRFEARFAFFTRE Y
AEsuBdrd R Al AR gy A RN awA
AEE A BRI R ARl R

hhhd b dd AR bd A bd gy oy
G NhA B RA AR Bk A AR A kb a A b amd A B d B N e b
EE NIRRT NI NN S AR AN F AN NN AN RN N SIS AN
EFANIRFS N AN RN N SIS IR PRGN PR RN AT A RGN
radidadda b bAN Ahd b bnd b ad i b PR i dnid g o in @
Ak EF R AR R R R AN P AR R A R o RN R
FEN I IR NI EN AN SRR AR FE N RN N IR PN R AN BN N
SN ARA A AN PR LA N A hA DN R S A AR AR hE ik
AR A IA N R A AN AN A RN N R AR PR RN A
TN IR F ISP F A PN ENRE N NI
LRI R E R LRI R LRI R R I ST R ERT R R FFRT])
TREE AT R TE AN R F FE NI F R A kR AR A F R E R T A R AN R AR R

IS Ay i b

 ERTIRYT

N R RN TN
FENREEEER
EEFENIRESE
FEEREREREDR
FTEFIA ¥4 B
ALLLLLL

Apwihadnw

' FEFIY "
-llillli
LR LR
'I'*!'!!!Il!lll!l
T XN IS TLEFN LR
1IIIIIIIiI-IlII1I
bypygmdjpany
idillliiiliiiilil
(A YA SR ENRLIENRERT
+IFANEAREESENEENEEER
SRR R d el B e
AIFFEFERF AN R EEE kRN
1T LI EEERY 1Y
(YT RIS EXIRFILIR YN
EEFFIRFEFFEATIREEFR
FREUEFRSFF AN PR R RN Y
RS RI RN RERITR AT
IIIITIIIIIIilllri
Illlllllllillllil
iR EFEbegA N ER NN
ilifiiniri+#--l--
FEVERESERSAEEEA k4

XY IS TS RENTYIETREY.
LI R I LI RLE SRR N T
I J BRI R RN TRNRRYERNIENEN.]
ESERAREERENENFR AR
AAVdESEERIAEABEEEEE
Y ETIEIIEIIIETEYY
AN R EE EE FF A AR R RN
RAESANEANNERENFERAR
IR AR T RIN NI IR
I E I EITI LI ISR,
i'!#'l"li!!l!lll!
 EEL TR EL RN LA N
Iliilliilrililllll
dEBANAEAEBREN 5B EA
I N LR ERNLEL BN I RSN
b gimdbmubripgam
FEIEY I TN I I LYY

[ IR R IJ N IR RN BERIELENSIRN]N]
*rTT I T RIFFYRFYRITFEARIY RN
LR R L. LA L LR RN NLNJLLLNSIEN]LN.]
LI A LR LEIRILI] AL AN ERREN )N
[ EX R TR EFAENY BENRLELENLNRNYN)
EpE g EpddpEENEFIR R FE NN &
L R L L L R R R Rl
I A ELERTREELTEE NN RERE R NINLN)
[ LR R L. LN IR NI ENRRERERRINN.]LN,)
J R RRENI LI EEN R ERR RN N
I+II'llillilll!llll'*lill
LB N LERRERENI]ALNYE NN
lilIilI‘IIri.t.iil‘i‘l.ll
LI A RNERLEEEE RITREONEN TN LN
L L REINRRERTRINNRIN NIRRT H
FFFrTESRFYNFREUFINT EREY N
[ ET RETRESTENTIENEREERINETRN LN,

llli-*llllllllillilllillll
dBbdE B AR L ALIE AL ravrrwadndppd bidhpnrehtd
----.----;-.--.-.. A ARp Rl ANy PR R by

EEBEREEEENT EESAREEN SIS TN RSN I N BET
"F!II?I!!!!'!IFJ! ISEFFE S+ 45 FRRAREFA R FET ER T
ELEIRRIT RN RTINND R TR I LEL LI ISR BRI I FE LY

FrrrTrFEERFYT IR FERTFIRT EYYRY Y
RN EE L NN AP AN DN
ASEE SNSRI N SRR A B
[ E AR RETAERTREREENIRERE R TRIR,]
T A A IS S YT Y]
" F ISR LRI BRI RTESI SR LI
R LA R IR RSN EEERTITRE]
AR IN AR NI RN AN AN A
R RIS T AR IR R I TR
Ahhihad A Ak NS h bn AN hdahd A
FE IR Y R Y ST R RIEELNEEE
ANE R P TN NS ER N AR EE W
BASd AN B Shd b bd shdN Lt aadb
llltllllllillillllllilill
Y Ey g gy RemAdduy

IIIFlllll'#llillllll+lill

Y LLLIEI XTI RIE]D]

il rllll illiiiilil -iilI
dphd hah R G hhd ag bkl b g
EEREIRRERERELTER IS Y]
HELE LR LIRS NN
I Y I E A T R I R R  E T T

 JJ X ERRERARIELL]
IIIIl'lIIIIFIII.Il

AFFENINFESRETAATH
----n--:----------
(KL AL R R EXI R I
4i|q|+lii+iitliijl
EIIT I EESRITRL))
AR LRI LR TN IR
I T I  EE YT T I I Y]
lllillilltiiillill
FENURRErASRNENNY
Illillllllllilllll
X3 B BT IYIRTAE!
lIl-llltl-Iit-ll-li-
R ALE I RIS LERLT
I XTRREIR I IEEINEREER]
FESNERFREIA FTEETE
d b hh B bk ah bl A

F 1-'1'1'-.-."1:...
LRI RIRR T
IR X AREERETR IO ERELE
I RERRERENYR IR IR RD
AradiivdEnEwIRESE N
L I EEREERRLEERNIEET]
IIIIIIIIIIIII'II-II
lllll LI RLRRE ]
Ekdd ll-l].l.l-H.*.l]-q.q
FEFNSEAENSINARRANA
EFEFE NN FFEEERREIS
' FR IR FEETYETE R I
lilllillilliillli
IR AFEIEIR S IR ERE RN
Illlltllillirllll
Aadaaann
L RN r!ltl-lrlirl
' fRhid b F bR fprdpy
RS IR RSO RS TIRNTIRAE])!
IR ERA RTINS EEA

NN RN NS ERE R FE IS IR A IR IR S T I A I A N N F A NI A F A A A A A A A A S R AN D AW
L L LR R L R R R R AR L L R L A L R LR L L AL R AR LA ARl
LR S BRI N RIS ARRNRE RS RS NRERRSRLEIJERRLELRETEREIRNERLERI RRRIRNYENEENRNEERIEIIRTRERRIIERER D RIRIERRERTS LN
EN NN ERE S IR R PR AN N AN NN I N AN R SN NI NS B U NN IR RN NI R A I S RN S R A S N IS NN AN N W
ek FF A F N P R PRI P AN RN AR F A A YA AN P P FFF AN F T R R F RN NN A R AN S A A FF N FA N S F NN+ S AN S F AN S FN ¥+
EEA RS R NN AR R R RN A RN R I AN NN A R PR AR G E g FR R S R A Py qnll;q|'q|pq.pq|'q;
AN A AR AR G A A AR AR A AN A RPN A A A R AR AR RN U NN AR RN A

v1w+++'l11111|'r1rirqi!!wlrlir*lirqrv!'1v'|rr|lqrrrwr|rllriilrli1|lillrlrrilrwililltlrli
L L Ry B e R L L L R RN RN L R L L R L Rl L L LR L LR e r L RS L LA R LS LI TR I L)
EEE RN EEAEE N N A A SN NN R A A A NI N IR N A AN N F A N A RN R AR A e N AR A R Ay A

B b hdh Bl dhddp bbh iy
L R I E R R R R L IR LR A TR R RR R ERREER R RERES N RI R ER TR I RS TERRIRETRERI NIRRT IR R IR RN ERERRERLERERINE Y]
EF TR RV N FRES YRR AR FRE NI IR RN AT NN P E IR NS R AN RN FEEF R PRI AN N F YR NN BT P RN NN REERFFE AR DA D
I E R AR E I EFR R R E R R R E R R PR N R N FE AR A R R R R IR TR R R R R R EE R R P RN NIRRT SR RRRREREER]IBELE
[ E F NS FER BN RR A LER IR RS FRR R R RSN R RIS RSl RRIE R RYI R R INFRR R R R RFERI R IR RFANERRS R IR R NRRERITERE?S
LA RJ BB RERLEA NI AR RRRE LR EERRJ R RTRRIJARERIRR AR LRI ARRLRLALIJRERIBERIE SRR BRI JRRERJ AR ERRERLENR]ENER.]
QR LA L L L AL LR L R LT LA L L L L LI LI L S LLLLLLALELE L]
[ ERIRERERRIT TR RIS RIRER LB T AR BRSRIT R R REANILERRERL AR NENRDE ] R IR NI RILERN N
IIIfIllllfl"‘lI‘III#Iil.if.lEIliIIrlII‘lIliIiiir..liIIIIIlIIfilli.lrIIII.IIPIIFEIIPIIE-
LA ELE A E R R I ER IR AR LR BRERELE R R IR R R R IR RN AT RN LR R E T RENT R REREL TR BRE R R R B RS RRERERRERNLERLER,]
A AR AN A A PR R A NN A AR RIS A NN R VRS NN P A e g e n A AR AN AN n A ki bR B bR A RN

FIG.4



US 7,667,390 B2

1

BOTTOM-EMISSION ORGANIC
ELECTROLUMINESCENT DISPLAY OF
HIGH RESOLUTION AND POWER SAVING

This application claims the benefit of Tatwan Patent Appli-
cation Serial No. 094143650, filed Dec. 9, 2005, the subject
matter ol which 1s incorporated herein by reference.

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present invention relates to an organic electrolumines-
cent display with high resolution.

(2) Description of the Related Art

Each pixel of the typical organic electroluminescent dis-
play includes two transistors and one capacitor. The area ratio
of the transistors and the capacitor covering the whole pixel
can affect the size of the light-emitting region. For example,
comparing two displays with the same size, the one with
higher resolution has smaller pixel size than the other one. As
the pixel size 1s reduced, the transistors and the capacitor
cover more area of the pixel. Whereupon the area used to emit
light 1s getting small 1n the pixel. When the pixel size is
getting small until no perfect region provided for light pass-
ing, the light only accesses the gaps between the transistors
and the wires.

FIG. 1A 1s a conventional organic electroluminescent dis-
play. Each pixel 110 of the organic electroluminescent dis-
play 100 has a switchung transistor 111, a driving transistor
112, a capacitor 113 and an organic light emitting diode 114.
As the size of the pixel 110 1s large enough, the organic light
emitting diode 114, transistors 111 and 112, and the capacitor
113 do not overlap with each other, so 1t has a perfect light-
emitting region.

FI1G. 1B 1s another organic electroluminescent display 200
with higher resolution than the organic electroluminescent
display 100 shown 1n FIG. 1A. Each pixel 210 of the organic
clectroluminescent display 200 includes a switching transis-
tor 211, a driving transistor 212, a capacitor 213 and an
organic light emitting diode 214. Unlike FI1G. 1A, the organic
light emitting diode 214 overlaps with the transistors 211,
212, or the capacitor 213. The physical light-emitting region
1s only a gap between the transistors 211, 212 and the capaci-
tor 213.

FIG. 1C 1s a sectional view of the display 200 shown in
FIG. 1B. Its fabricating process comprises forming the com-
ponents such as transistors 211, 212 etc. on the substrate (not
numbered); next forming an ITO layer 214a on the forgoing
components; and forming a cap layer 215 by a photo mask to
define a opening region 216. As shown, the wires, the tran-
sistors or the capacitors cover a part of the opening region
210, so the light cannot exit through the part, and the top view
of the opening region 216 can refer to FIG. 1D.

To sum up, when the pixel size 1s getting small until no
perfect region provided for light passing, the light only
accesses the gap between the transistors and the wires. It the
opening region ol the cap layer includes some non-light-
emitting regions, 1t may still consume the power, but generate
no brightness.

SUMMARY OF THE INVENTION

The object of the present invention 1s to provide an organic
clectroluminescent display which can meet the requirements
of high resolution and power save.

In one aspect of the present invention, the organic elec-
troluminescent display comprises a shadow layer, a transpar-
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2

ent electrode, a light emitting layer, a reflective electrode and
a cap layer formed on a substrate. The transparent electrode 1s
connected to a transistor, located on the shadow layer, and has
a larger area than the shadow layer. The cap layer 1s formed on
the upper surface of the transparent electrode, and corre-
sponds to the shadow layer. The light emitting layer 1s formed
on the upper surface of the transparent electrode. And, the
reflective electrode 1s formed on the upper surface of the light
emitting layer.

The characteristics of the present mvention is that, the
organic electroluminescent display has a light-emitting
region and a non-light-emitting region. The light-emitting,
region 1s used to dispose an organic light emitting diode. The
non-light-emitting region has a stacking structure including
the cap layer, the transparent electrode and the shadow layer.

Preferably, the area of the substrate covered by the cap
layer should be smaller than or equal to that covered by the
shadow layer. In order to prevent the electric current flowing
from the transparent electrode through the cap layer, the cap
layer should be made from an insulating material. Accord-
ingly, the power can be save because the electric current
cannot flow through the non-light-emitting region covered by
the cap layer.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be specified with reference
to 1ts preferred embodiment illustrated 1n the drawings, in
which

FIG. 1A 1s an organic electroluminescent display accord-
ing to the prior art;

FIG. 1B 1s another organic electroluminescent display
according to the prior art;

FIG. 1C 1s a sectional view of the organic electrolumines-
cent display shown 1n FIG. 1B;

FIG. 1D 1s a top view of the organic electroluminescent
display shown 1n FIG. 1C;

FI1G. 2 1s a first embodiment according to the present inven-
tion;

FIG. 3 1s a second embodiment according to the present
invention; and

FIG. 4 1s a top view of FIG. 3.

(L]
Y

ERRED

DESCRIPTION OF THE PR.
EMBODIMENT

Reterto FI1G. 2, the organic electroluminescent display 300
has a light-emitting region 303 and a non-light-emitting
region 301. The light-emitting region 303 1s provided to dis-
pose an organic light emitting diode 320. The non-light-
emitting region 301 has a cap layer 308, a transparent elec-
trode 306 and a shadow layer 304 formed as stacking
structure. The organic light emitting diode 320 includes the
transparent electrode 306, a light emitting layer 310 and a
reflective electrode 312. If the organic light emitting diode
320 1s a bottom emuission type, the transparent electrode 306
1s formed on the substrate 302 and below the light emitting
layer 310, and the retlective electrode 312 1s formed on the
light emitting layer 310. A transistor 314 1s electrically con-
nected to the transparent electrode 306 to drive the organic
light emitting diode 320.

In order to reduce the area of each pixel to increase the
resolution of the display, a shadow layer 304, such as a metal
layer 304a or a metal wire 3045 etc., 1s disposed below the
transparent electrode 306. The cap layer 308 1s formed on the
transparent electrode 306 to define a non-light-emitting
region corresponding to the shadow layer 304. In other words,




US 7,667,390 B2

3

the transparent electrode 306, which 1s located over the metal
layer 304a or the metal wire 3045, 1s covered by the cap layer
308, so 1t cannot electrically connect to the light emitting
layer 310 and the reflective electrode 312. Therefore, the
power can save.

Preferably, the area of the substrate 302 covered by the cap
layer 308 should be smaller than or equal to that covered by
the shadow layer 304. The cap layer 308 can adopt an 1nsu-
lating material which 1s patterned by a photo mask to avoid
the electric current tflowing from the transparent electrode 306
through the cap layer 308.

Refer to FIG. 3, each pixel of the organic electrolumines-
cent display 400 has some wires like a scan line (not shown),
a data line (not shown), and some components like a driving
transistor 405, a switching transistor 406 and a capacitor 408,
which include shadow layers. For higher resolution require-
ment such as 200 pp1 or more, the wires or components are
possible to be disposed below the transparent electrode 306,
so the present invention can employed to save power.

The fabricating process of the organic electroluminescent
display 400 1s described as follows. First a semiconductor
layer 4054 1s formed on the substrate 302. The semiconductor

layer 4054 can be made of amorphous silicon or poly silicon,
and has a channel 4052 and two doped areas 4051 and 4053.

The doped areas 4051 and 4053 are heavily-doped with

p-type or n-type dopants. Subsequently, a gate oxide layer
412 1s formed on the semiconductor layer 4054. On the gate
oxide layer 412 1s formed with the gate metal 4055 of the
driving transistor 403 and the gate metal 4064 of the switch-
ing transistor 406. The gate metals 4055 and 406q are covered
with an 1nner layer dielectric 414. Next the source/drain met-
als 405a, 405¢ of the driving transistor 405 and the source/
drain metal 4065 of the switching transistor 406 are formed
on the mner layer dielectric 414. As shown, the source/drain
metals 405a, 405¢ penetrate the mnner layer dielectric 414 and
the gate oxide layer 412 to contact with the doped areas 4051
and 4053, respectively. By way of the above-mentioned steps,
the driving transistor 405 and the switching transistor 406 are
constructed.

Before forming the organic light emitting diode 320, an
insulating layer 416 1s formed on the source/drain metals
405a, 405¢ and 4065, and then covered by a flat layer 418. In
addition, the capacitor 408 can be formed below the transpar-
ent electrode 306.

During manufacturing the organic light emitting diode
320, the transparent electrode 306 1s formed on the entire
surface of the tlat layer 418 to cover the driving transistor 405,
the switching transistor 406 or the capacitor 408. Next, a cap
pattern 402 1s formed on the transparent electrode 306 via a
photo mask. The position of the cap layer 402 1s defined
referring to the positions of the shadow layers such as gate
metals 4055 and 406a, source/drain metals 405a and 405¢
and capacitor 408 etc., which place below the transparent
clectrode 306. The uncovered position is served as an aperture
404 to expose the upper surface of the transparent electrode
306. Subsequently, the light emitting layer 310 and the retlec-
tive electrode 312 are formed on the entire surface of the cap
pattern 402 and the aperture 404. Thus, only the light emitting,
layer 310 and the reflective electrode 312 which are in the
aperture 404 can electrically connect to the transparent elec-
trode 306 to generate light.

In other words, the organic light emitting diode 320 dis-
tributes 1n the region which 1s occupied by the apertures 404.
The region 1s referred to as light-emitting region. The cap
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pattern 402 covers the non-light-emitting region of the
organic electroluminescent display 400. The layout of the
aperture 404 and the cap pattern 402 1s shown as FIG. 4.

Refer to FIG. 4, the photo mask, which 1s used to form the
cap pattern 402, has a pattern changed with the layout of
wires, thin film transistors and capacitors below the transpar-
ent electrode 306. The aperture 404 has 1rregular shape to
form the organic light emitting diode 320. In the region cov-
ered by the cap pattern 402, the transparent electrode 306
cannot electrically connect to the light emitting layer 310 and
the reflective electrode 312 not to conduct the electric current,
so the power can be save.

To sum up, the shadow layer of the present invention can be
a metal layer, a metal wire, a gate, source or drain metals of a
transistor, or a capacitor. The cap layer and the flat layer can
be made from the photoresist or insulating material. The types
of the transistor include p-channel or n-channel thin film
transistors, top-gate or bottom-gate field effect transistors.
The transparent electrode can be made from metal, transpar-
ent conductive maternials such as 1TO, IZ0. The transparent
substrate can be glass or plastic substrate.

While the preferred embodiments of the present invention
have been set forth for the purpose of disclosure, modifica-
tions of the disclosed embodiments of the present invention as
well as other embodiments thereof may occur to those skilled
in the art. Accordingly, the appended claims are intended to
cover all embodiments which do not depart from the spirit and
scope of the present invention.

What 1s claimed 1s:

1. A bottom-emission organic electroluminescent display
having high pixel resolution wherein each pixel comprising:

a substrate;

a shadow layer disposed on the substrate;

a transparent electrode disposed on the shadow layer, and
having a larger area than the shadow layer;

a cap layer disposed on the transparent electrode, wherein
the cap layer has an aperture to expose a part of the
transparent electrode, wherein the shadow layer 1s dis-
posed 1n the aperture;

a light emitting layer disposed on the part of the transparent
clectrode for emitting light downward, wherein a part of
the cap layer 1s in the aperture and 1nterposed between
the transparent electrode and the light emitting layer,
and the part of the cap layer 1s overlapped with the
shadow layer;

a reflective electrode disposed on the light emitting layer;
and

a first transistor electrically connected to the transparent
clectrode.

2. The bottom-emission organic electroluminescent dis-
play of claim 1, wherein the area of the substrate covered by
the part of the cap layer 1n the aperture 1s equal to or smaller
than that of the substrate covered by the shadow layer.

3. The bottom-emission organic electroluminescent dis-
play of claim 1, wherein the shadow layer comprises a metal
layer.

4. The bottom-emission organic electroluminescent dis-
play of claim 1, wherein the shadow layer comprises a metal
wire.

5. The bottom-emission organic electroluminescent dis-
play of claim 1, wherein the shadow layer comprises a gate
metal of a second transistor.

6. The bottom-emission organic electroluminescent dis-
play of claim 1, wherein the shadow layer comprises a source
metal of a second transistor.




US 7,667,390 B2

S

7. The bottom-emission organic electroluminescent dis-
play of claim 1, wherein the shadow layer comprises a drain
metal of a second transistor.

8. The bottom-emission organic electroluminescent dis-
play of claim 1, wherein the shadow layer comprises a capaci-
tor.

9. The bottom-emission organic electroluminescent dis-
play of claim 1, wherein the transparent electrode covers the
transistor and the shadow layer.
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10. The bottom-emission organic electroluminescent dis-

play of claim 1, wherein the cap layer comprises an insulating
pattern.

11. The bottom-emission organic electroluminescent dis-
play of claim 1, further comprising a flat layer disposed
between the transparent electrode and the shadow layer.
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